The goal of this study was to determine whether posttraumatic stress disorder (PTSD) was associated with an increase in time-related decline in macrostructural brain volume and whether these changes were associated with accelerated cognitive decline. To quantify brain structure, three-dimensional T1−weighted MRI scans were performed at baseline and again after a minimum of 24 months in 25 patients with PTSD (PTSD+) and 22 controls (PTSD−). Longitudinal changes in brain volume were measured using deformation morphometry. For the group as a whole, PTSD+ patients did not show significant ongoing brain atrophy compared to PTSD−. PTSD+ patients were then subgrouped into those with decreasing or increasing symptoms. We found little evidence for brain markers of accelerated atrophy in PTSD+ veterans whose symptoms improved over time, with only a small left parietal region showing greater ongoing tissue loss than PTSD−. PTSD patients whose symptoms increased over time showed accelerated atrophy throughout the brain, particularly brainstem and frontal and temporal lobes. Lastly, for the sample as a whole, greater rates of brain atrophy were associated with greater rates of decline in verbal memory and delayed facial recognition.
The goal of this study was to determine whether posttraumatic stress disorder (PTSD) was associated with an increase in time-related decline in macrostructural brain volume and whether these changes were associated with accelerated cognitive decline. To quantify brain structure, three-dimensional T1−weighted MRI scans were performed at baseline and again after a minimum of 24 months in 25 patients with PTSD (PTSD+) and 22 controls (PTSD−). Longitudinal changes in brain volume were measured using deformation morphometry. For the group as a whole, PTSD+ patients did not show significant ongoing brain atrophy compared to PTSD−. PTSD+ patients were then subgrouped into those with decreasing or increasing symptoms. We found little evidence for brain markers of accelerated atrophy in PTSD+ veterans whose symptoms improved over time, with only a small left parietal region showing greater ongoing tissue loss than PTSD−. PTSD patients whose symptoms increased over time showed accelerated atrophy throughout the brain, particularly brainstem and frontal and temporal lobes. Lastly, for the sample as a whole, greater rates of brain atrophy were associated with greater rates of decline in verbal memory and delayed facial recognition.
© 2011 Elsevier Ireland Ltd. All rights reserved.
Introduction
Posttraumatic stress disorder (PTSD) develops after exposure to a traumatic event, and sufferers experience characteristic symptoms including nightmares or flashbacks of the trauma, hyperarousal and insomnia, poor concentration, and difficulty with recalling explicit memories of the traumatic event. A neurocircuitry model of PTSD postulates a hyperresponsivity of the amygdala to threat-related stimuli, inadequate control of the amygdala by the medial prefrontal cortex and anterior cingulate, and hippocampal deficits that lead to memory difficulties and problems identifying safe contexts (Bremner, 2002; Pitman, 2001) . Previous brain imaging studies have focused on identifying PTSDrelated abnormalities within these brain structures at a single point in time. Many, but not all, studies have reported hippocampal volume decreases (Bremner et al., 1995; Gurvits et al., 1996; FennemaNotestine et al., 2002) . A meta-analysis (Karl et al., 2006) concluded that hippocampal volumes are reduced in PTSD, although the size of group differences is accounted for in part by MRI methodology, PTSD symptom severity, medication, age, and gender. Brain volume decreases have also been reported in the anterior cingulate, subcallosal cortex, amygdala, and prefrontal cortex (Rauch et al., 2003; Yamasue et al., 2003; Schuff et al., 2008; Weniger et al., 2008) .
Studies of the effects of PTSD on brain anatomy have usually been hypothesis driven, associating specific region-of-interest (ROI) brain volumes to PTSD or PTSD symptoms. Fewer investigators have used voxel-wise analysis methods, which are useful for examining local tissue properties (e.g., gray matter volume or density) without a priori hypotheses, as they compare tissue properties at every image location. With the use of voxel-wise analysis, brain structure abnormalities associated with PTSD have been reported in limbic and paralimbic cortices, anterior cingulate and insular cortex (Corbo et al., 2005; Chen et al., 2006; De Nardo et al., 2009) .
Most prior studies of PTSD have also focused on a single timepoint, so less is understood regarding the progression of PTSD over time. Early longitudinal imaging studies did not find evidence for accelerated hippocampal volume changes associated with PTSD over 6 months following trauma (Bonne et al., 2001) or in pediatric maltreatment-related PTSD during puberty (De Bellis et al., 2001) . In a longitudinal study of elderly Holocaust survivors with PTSD, Yehuda et al. (2006) showed that decades after trauma exposure, an accelerated decline in paired associates learning was observed. Samuelson et al. (2009) 
